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Computational Imaging at LANL 
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https://int.lanl.gov/org/ddste/aldps/mst/mst8/imaging/index.shtml



Current Projects

• ASC Development of Coupled Radiographic & Hydrodynamic Code to 
assess uncertainties

• Extremely limited view tomographic reconstruction algorithm 
Development LDRD

• Application of de-Scattering & poly-energetic energy tomography for
determination to HE inspection Pathfinder

• DTRA Emergency response 
• Application of coupled radiographic & hydrodynamic code to rad Flow 

experiments 
• Hydro-Program HART Tool Box development
• Global Security Project
• NA-22 Development of multi-modality& 3D Machine Learning 

Algorithms 
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Coupled Hydrodynamic & Radiographic Reconstructions 
Objectives

1. Reconstruct a series of highly accurate density 
fields of a three-dimensional object from a time 
series of radiographic projections to inform 
hydrodynamic parameter estimation and/or model 
selection.  

2. Develop a quantitative method for assessing density 
uncertainty and subsequent analyses.

3. Develop methods to address three-dimensionality.
4. Develop a technique to advance the density field in 

time to allow for subsequent calculations.
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Simulations

• In this presentation a series of hydrodynamic simulations have been 
performed to generate an ensemble of two-dimensional Richtmyer
Meshkoff instability simulations.

• The simulations utilize a Tantalum shell with an initial inward velocity 
and a perturbation on the inner shell surface of the form:
– R=Ro+δ+Sin(k θ)
– Where:

» Ro is the unperturbed inner radius
» ∆ is the amplitude of the initial perturbation on the inner surface
» K is the wave number of the  perturbation

1



Physics Models
• Scatter Model
• Detector Blur
• Noise Model
• Bucky Grid Model
• Beam Physics 

HERMES
Convolutional 

Neural Net
SHIVA

Iterative 
Reconstruction

Hydrodynamic and Reconstruction Toolbox (HART)

EREBUS

Convolutional 
Neural Net

+
Hydrodynamic 

Priors

Radiation 
Transport Code

Hydrodynamic
Simulations

Koopman 
Operator

Priors
Optimizers

• ADMM
• ADAM
• L-BFGS
• etc.

Limited 
Reconstruction 

Tools



EREBUS: Coupled Hydrodynamic/Radiographic Reconstruction 
Algorithm for Physics Informed Density Reconstructions
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Conditional 
Generative 

Adversarial Network 
GAN

Hydro-Parameter
Estimation

Ensemble of 
Admissible 

Density
Estimates

Time Series of 
Radiographic 
Images

De-Scattering
Approximate radiographic 
density reconstructions 
using
Direct-Density CNN
Mapping

Feature Extraction

DMD/CNN
Hydro-Code Emulator
Forward Model

Compare

Compare to 
Data

Where :
𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝒊𝒊 ∥ 𝑻𝑻 − 𝑻𝑻𝒊𝒊∗ + 𝑺𝑺𝒂𝒂𝒂𝒂
∥𝟐𝟐𝟐𝟐,𝑺𝑺𝒂𝒂𝒂𝒂

= 𝒂𝒂 + 𝒃𝒃𝒃𝒃 + 𝒄𝒄𝒄𝒄

Radiographic
Forward Model 
+Ω

Parametrically
examine 
Ω(X,Y)
Scene scatter

Shock

Proximal Gradient
Parameter Estimation



Scatter Approach
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𝑘𝑘𝑑𝑑 =
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝑘𝑘
�
𝑡𝑡𝑡𝑡𝑡𝑡(𝑡𝑡)

∥ 𝑘𝑘 ∗ 𝑑𝑑𝑡𝑡 − 𝑠𝑠𝑡𝑡 ∥∥𝐹𝐹2 𝑠𝑠. 𝑡𝑡. 𝑘𝑘

≥ 0

Step #1 Find Local Model

Step 2 Find
Kernel

Step 3
Apply De-Scattering
Algorithm



Treatment of the Scattered Radiation
via the Local Kernel Model

Scatter and Direct components 
of Transmission

Estimated Scatter/ True Scatter

Impact on density
reconstructions will
be addressed later in the
presentation.
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In general we have 
achieved excellent de-

scattering results.



Inversion techniques for density inversion using  neural 
network for radiographic inversion RADNET & Onion 
Peeling
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Note: We are currently utilizing our combined 
CNN/de-scattering algorithm for a 
multitude of scientific of scientific inquires.

PBX Density Experiment

Gold Horn

Pathfinder 



CNN results for direct-to-density mapping generally show
excellent reconstruction. 

Reconstructions are almost instantaneous
• Histogram shows frequency of

percent density RMS errors for test
cases

Red Case Excellent 
Performances
Sample

Sample Very Good 
Performances

Good 
Performance
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New physics based scatter local convolutional model 
significantly outperforms empirical BIE model
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DARHT: FTO 0 Plate Density Errors 
Physics Based De-Scattering Kernel Method

DARHT: FTO 0 Plate Density Errors 
Empirical Model BIE

Percent Density Error Percent Density Error 

3%

-3%



Can we extract shock and edge locations from 
Hydrodynamic Calculation & Radiographic Image
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Blur+Noise Added Large Blur+ Noise Added

Feature Extraction Density 
Field from Hydrodynamic 
Calculation 
Edge/Shot/Topology

Transmission with Noise &Blur 
Graded Collimation

Shock location may be determined reasonably well from transmission. 

Blur may cause
some 
degradation
In shock 
location

Solution uses 
reconstructed 
density fields
to determine 

interfaces

Edge location may be determined
reasonably well from transmission

i.e. must correct for parallax.

RMI Simulation Edges from Synthetic Radiograph Green

Simulation Simulation



Theoretical Hydrodynamics: Properties of Degenerate 
Solutions
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All other degeneracies are linear combination of these.

Variation in density for
fixed shock locations is
totally dependent on range
of parameters examined. 

If group  𝑬𝑬𝒕𝒕
𝟐𝟐

𝜶𝜶𝜶𝜶
is invariant for 

fixed ω shock evolution will 
remain invariant

How much can
density fields vary
for invariant shock
evolution?

Sedov Point Explosion Problem



Demonstration of CGAN to Predict Density based on 
Shock and Edge Features
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CGAN Architecture developed based on 
Pix2Pix, Phillip Isola Image-to-Image 
Translation with Conditional Adversarial 
Networks

Density reconstructions using time-series 
of shock/edge to determine density 1 D Simulations

2 D RMI Simulations

Demonstration of density Inversion
using a single temporal snap shot



Coupled Hydrodynamic & Radiographic 
Reconstructions
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Coupled Hydrodynamic & Radiographic 
Reconstructions
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Preliminary Dynamic Results
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Simulations



Proximal Gradient Method for Parameter Estimation
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Limited View Tomographic Reconstructions for DARHT
Radiography
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8 View Reconstruction

Walnut
Reconstructions
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